THE method of dry inhalation was introduced for the treatment of those -suffering from affections of the respiratory tract only; but in 1908-09 Peri tried its effects on 106 patients, whose ailments differed widely in nature, aind the results were such as to convince him that, contrary to what was previously believed, they were due to something more than mere local action of the drug on the mucous membrane. He suggested, therefore, that I should investigate the subject further; and, as the results of his work pointed to a modification of the metabolism, I decided to study this in growing guineapigs while undergoing treatment by dry inhalation of sodium chloride. It is true that these animals, in consequence of the fluctuations in weight caused by the bulk and slow passage of the faeces, are admittedly not the best animals for experiments on metabolism; but they are almost everywhere readily procurable, and the objection mentioned can be circumvented by making each experiment of considerable duration.
Emmerich' postulates two conditions, viz.: that the droplets shall be in a state of extremely minute division, and that they shall be present in a high degree of concentration. Bonetti2 has shown that with K6rting's apparatus this is achieved also by the dry spray; for after letting guinea-pigs inhale from a solution of methylene blue 065 per cent., and sodium carbonate 14'5 per cent., he detected with the microscope particles of methylene blue in the subepithelial and interalveolar tissue of the lungs.
Peri3 has described the mode of production of the spray as follows: Fresh air brought from outside by an aspirating ventilator receives, after being heated, the spray from the medicated solution. This spray, produced by a current of air compressed by an electric motor, passes through one of two 2 Jerome: Action of the Dry-Inhalation of Sodium Chloride nozzles in the spray-producer; is invested by the current of hot air issuing from the other nozzle; and has its water removed by this air. The sprayproducers are single or multiple according to the size of the chamber. The air thus prepared and carrying the dry particles in suspension, is carried under the influence of the ventilator into the inhaling chamber, and distributed uniformly there by suitably placed openings, while other openings remove the vitiated air. The quantity of medicated solution used in a given time is regulated by raising or lowering the receptacle containing it, and thereby increasing or lessening the height of the column of liquid which is being aspirated; or by the number of spray-producers employed. The good ventilation permits a, long stay in the chamber, and the warm air introduced makes further heating of it unnecessary (see figs. 1, 2).
Although when the process is efficiently carried out the moisture of the air in the chamber is not appreciably increased, the atmosphere in a few minutes becomes so clouded as to make objects invisible at the distance of a yard. There is, however, no discomfort produced,-either through cough or from irritation of the conjunctiva, even when the solution of sodium chloride is saturated, and the stay in the chamber prolonged. When the machinery ceases to act the cloud in the room subsides very slowly, and deposits after ninety minutes the thinnest of visible films on any dark objects present.
The solutions used up to the date of my experiments were: Saturated solution of sodium chloride, saturated solution of sodium benzoate, 15 to 20 per cent. solution of salts contained in Bad K6sen water, natural Salzomaggiore water, sea-water, sea-water with 5 per cent. iodine, and seawater saturated with Castrocara salts.
The guinea-pigs used were young males, with little difference in the colour markings, and with one exception each pair came from the same litter. Their small zinc cages were of the same form and capacity, each having a double floor, the upper part of which, of wire-netting, supported the animal, and wasremovable for purposes of cleansing, &c. Wire-netting with a wider mesh covered the top of each. To equalize as much as possible any effect of insolation on the metabolism, the cages were put side by side and their places changed every second or third day. When the feaces were removed the animals were transferred to duplicate cages, and a special one was used for transference to and from the inhalatorium. The duration of each sitting was ninety minutes, and the food, given at fixed periods during the day, varied both in quantity and quality in the several experiments. It consisted of bread, pobato, cabbage, lettuce, ana in one case a little boiled milk. To make that eaten by the two animals as much alike as possible every cabbage and letbuce leaf was divided along the mid-rib and one half given to each of the guinea-pigs under observation at the time. The bread, after being dried at a fixed temperature, was weighed, mixed with some water, and then placed in a receptacle so constructed that the food could not be pushed over the edge. Any residue after twenty-four hours was dried at the same temperature as before, and then, together with any uneaten cabbage, &c., weighed to ascertain the amount eaten. While one animal was inhaling, all food was removed from the cage of the other. In Experiment I the guinea-pigs were weighed in the evening only, in the others both morning and evening, the mean of the twoweighings being taken.
Five experiments were made of 67, 40, 102, 96, and 90 days respectively. In No. I the diet was good in kind and unrestricted in amount; in No. II scanty and unsuitable during an experiment of short duration; and in No. III imperfect during a longer period. G, pipes for exit of vitiated air; H, pipes for heating of the buiilding; I, large inhaling chamber; K, small inhaling chamber; L, cloak-room; M, reading-room; N, verandah; a, electric motor; b, air compressor; c, ventilators; f, heating apparatus; g, for transport of the solution; h, fortransport of compressed air; i, nozzles of spraying apparatus. reservoir for medicated solution.
Section of Balneology and Climatology
In No. IV a vain effort was made to see if dry inhalation of sodium chloride would modify the body temperature, and one of the guinea-pigs inhaled for the purpose of fitting it to play the r6le of a special control in No. V.
An experiment consists usually of three parts: An ante-inhalation stage, an inhalation stage, and a post-inhalation stage; and each of these for convenience of reference is subdivided into periods of six days.
The numbers of the charts correspond with those of the experiments. Their abscisst show the times, each division representing a period of six days; and each division of the ordinate 10 grm.
The interval between the marks * and + indicates the ante-inhalation-stage, between + and 0 the inhalation, and between 0 and (D the post-inhalation stage.
Experiment I. In Chart I the two lines, after a slight fall from loss of weight ( (A) 10 gm., (B) 9 gm.), while the animals were in the same cage, run nearly vertically and are almost straight, showing thus a good and fairly uniform increase in weight from period to period, but with a gradual divergence in conformity with the greater gain by the inhaling guinea-pig.
Experiment IL Two young male guinea-pigs, (C) inhalor, (D) control, from different litters. In separate cages. Duration of experiment, forty days. Ante-inhalation stage, four days. Inhalation stage, thirty-six days, during which (C) taken to inhalatorium eighteen times. No post-inhalation stage, the experiment having been abruptly terminated through a defect in the machinery. Inhalor's surplus-gain in weight 36 gm. Total gain in weight, (C) 96 gm., (D) 60 gm. Total consumption of food: bread and milk, (C) 19'62 gm., (D) 19'95 gm.; potato, (C) 173W5 gm., (D) 172W5 gm.
During the first twenty-eight days the feeding was very imperfect in respect of both quantity and quality. It consisted of bread, milk, potato and water, without any green food. In it the inhalor gained 16 gm., and the control lost 10 gm. This difference was not due to diarrhcea on the part of (D); but as inhaling generally increases the appetite, and as each anipaal ate some of its feeces, (C) probably took more of these than (D), for during this period (D) ate a little more bread and milk than (C) did.
During the last twelve days potato was replaced by lettuce, and both this and bread were abundant.
Total consumption of food: bread and milk, (C) 19'62 gm., (D) 19'95 gm.; potato, (C) 485 gm., (D) 483 gm.; cabbage, (C) 20'27 gm., (D) 19'84 gm.; lettuce, (C) 345 gm., (D) 345 gm.
Chart II, especially in the horizontal part, shows that even when the food is scanty and unsuitable the dry-inhalation of sodium chloride will under some conditions act beneficially.
Experiment III.
Two young male guinea-pigs, (E) inhalor, and (F) control, from the same litter.
Duration of experiment 102 days. Ante-inhalation stage thirty days. Inhalation stage forty-two days with twenty-one visits to inhalatorium. Post-inhalation stage thirty days. Inhalor's surplus-gain in weight 42 gm. Total gain in weight, (E) 156 gm., (F) 114 gn. Total consumption of food: Bread, (E) 2074 gm., (F) 1949 gm.; potato, (E) 1350 gm., (F) 1355 gin.; cabbage, (E) 3672 gm., (F) 3672 gm.
In this experiment the imperfect feeding was continued throughout, the green food being limited to 36 gm. per diem. And, in addition to eighteen days of severe rationing of bread, potato, and cabbage for both (E) and (F); (E), the inhalor, whose appetite was larger than that of (F), was allowed for the rest of the sixty days only the same amount as was eaten by the latter. By this arrangement the inhalor was hungry during the whole of the first sixty days, and the control only for eighteen days of this period.
Chart III shows no evidence of the influence of the inhaling during these sixty days, though seventeen of the twenty-one visits had been paid to the inhalatorium.
But at this date, unlimited bread being allowed, and the inhalor's appetite satisfied for the first time, the lines begin to diverge from the increased gain in weight of this animal.
Experiment IV. For Experiment IV the guinea-pigs (E) and (F) would show a modification of the body temperature through dry-inhalation of sodium chloride; but a sudden struggle on the part of (E) broke the instrument and temporarily incapacitated the animal. As (F) was acting as inhalor at the time, the experiment was continued and (F) thereby fitted to act as a special control in the next experiment.
Duration of experiment, ninety-six days. Ante-inhalation stage, thirty days. As it was necessary for me to finish the experiments by a given date the post-stage of Experiment III was utilized as the ante-stage of the present one. Inhalation stage, thirty days. Post-inhalation stage, thirty-six days.
Diet consisted throughout of unlimited moistened bread with 36 gm. cabbage daily. Chart IV shows that (E) did not recover the weight it had at the time of the accident till thirty-six days later. It shows also that (F) in the last three periods (eighteen days) of the inhalation stage gained only 1£8 gm. in weight = daily mean of 0 1 gm., while the daily mean for the whole inhalation stage is 0'9 gm. The explanation of this will be given in connexion with the question of the fitness of guinea-pigs for experiments on metabolism. Section of Balneology and Climatology 7 Experiinent V.
My purpose in this experiment was to test the effect on the surplus-gain of the inhalor, when, instead of a normal control, one which had recently inhaled was employed. (E) Inhalor (F) control. Duration of experiment ninety days. Anteinhalation stage twenty-four days. Inhalation stage forty-four days, with a break of eight days, due to my illness. During this time the animals were put together in a CHART IV. large cage, with beddilng of pine shavings, and fed with unlimited moistened bread and cabbage. After return of the guinea-pigs to their separate cages this diet was continued to the end of the experiment. Before the interruption, unrestricted bread with 36 gr. cabbage had been allowed to each daily. Of thirteen visits to the inhaling chamber nine preceded and four followed occupation of the same cage. Post-inhalation stage lasted twenty-two days. At the beginning of the experiment the inhalor weighed 8 5 gm., and at its end 5-5 gm. less than the control; so that after ninety days, and after inhaling in the chamber thirteen times, the inhalor gained only 3 gr. more than the control.
The surplus gain in the other experiments was as follows: No. 1, 40 gin.; No 2, 36 gm.; No. 3, 42 gm. The joint occupation for eight days of one cage made of course a knowledge of the total amount of food eaten by each animal impossible. In Chart V the lines diverge from the start up to the point at which the eight-day break began, and the green food ceased to be rationed. (F), during this time, thanks to its recent inhaling, gained in weight more than (E) the inhalor, though, as already mentioned, this had been already nine times to the inhaling chamber. From the date of unlimited cabbage, however, the reverse occurred, and the lines converge.
It may now be asked if the experiments above described are invalidated through the use of guinea-pigs; for it can be correctly said that if Experiment V had terminated eighteen days earlier than it did, the control would have increased in weight more than the inhalor: and that the final change was brought about less by improvement in the rate of the inhalor's increase than through the reduction of that of the control, which in the period mentioned instead of adding to its weight lost 3X1 gm. To the first of these objections it must be replied: That to have discontinued the experiment, at the date named, would have been to do so before allowing time for a manifestation of the full effects of the treatment. In connexion with the second objection it may be pointed out that in none of the experiments is the increase of weight continuous; and that though, in the last three periods of Experiment V, (F), instead of gaining, lost weight (3'1 gm.), there are in the same experiment three similar consecutive periods in which (E)'s total gain was only 2 gm. There are also in the same record two shorter breaks of six days each, in which (E) in the twelve days following the eight-day interruption gained only 1 gm. while (F) lost O01 gm.
These breaks in the otherwise continuous increase of weight in the growing pigs own certainly two factors: imperfect feeding and emptying of the bowel. In Experiment II (D)'s continuous fall from 398'5 gm. to 388 gm. may be attributed -at any rate partly-to the first of these causes, but in most of the breaks in the other experiments it is the evacuation of the bowels which produced the arrest, or lessening, of gain in weight. Such emptying of the bowel, however, merely brings the guinea-pig, for the time being, in respect of its weight, into line with a carnivorous animal: being the removal of an aocumulation, which, in the latter, would have been voided gradually, prior to the break. The end of such a break is therefore the best period for ascertaining what may be called the real weight of the animal. Examined in the light of such facts, the fluctuations in the weight-records of the above experiments will not be found to prevent a correct interpretation of them. On the other hand they show clearly the imperative necessity of extending each experiment over a considerable period.
Conclusion: (1) The dry-inhalation of sodium chloride in some unknown way increases the appetite and weight of growing guinea-pigs, provided that the food is good in kind and abundant. This result accords with that observed by Condulmer and Calcaterra,' who found that of forty-five children in the primary schools of Bologna, treated with dry-inhalation of Salzomaggiore water, thirty-two, according to the tables of Paglione, exceeded the normal in weight.
Section of Balneology and Climiatology
(2) When the diet is defective the good effect of dry inhalation may, according to the severity and duration of the rationing, show itself quite early, or it may be postponed till the feeding is improved. See Experiment II for the former and III and V for the latter result.
It remains to inquire respecting the modus operandi of the dry-inhalation of sodium chloride in promoting appetite and growth in young guinea-pigs. On a priori grounds it may be thought unlikely that the maximum amount of sodium chloride which could be introduced by Korting's method of dryinhalation, in the case of an organism which secretes, excretes, and contains so much of this salt as does that of the guinea-pig, would seriously affect the metabolism; but it must be remembered that the process is not one of mere deposition, but of aspiration of the salt. It is further possible that the blood, in consequence of the drain on it by the secretions, may be poor in sodium chloride when it enters the lungs and seize with avidity any small quantity coming from an unusual source.
I would suggest, therefore, that inhalation of dry sodium chloride may act beneficially (1) by increasing the supply of chlorine to the stomach, and (2) by helping to restore and maintain saline equilibrium in the body, as the fundamental work of Ringer, confirmed by that of Loeb, has shown conclusively the necessity of saline equilibrium for the efficient exercise of the functions of animal tissue. And if the food of my guinea-pigs should have contained a sufficient excess of potassium to derange that equilibrium, a portion at least of any absorbed sodium chloride may be expected to have helped in restoring it.
Further, as the balance is disturbed by excess or deficiency of any one of the cations of potassium, sodium or calcium there must be occasions when the introduction of a salt of potassium or calcium, or of both these, would be preferable to that of sodium.
As I was prevented from making the necessary carbonic acidand nitrogenestimations, it is unfortunately not possible to say if there was a better utilization of the food as well as a larger intake of it; but the interest of the subject will perhaps induce some one else to determine this point.
Professor Peri's prediction that dry-inhalation would prove a valuable therapeutic method seems to have been fulfilled in Italy, for he writes that these inhalatoria are now scattered over Italy, even some of the smaller towns possessing one.
